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Introduction 
The Nebraska Poultry Report is produced every two years by the Animal Science Depart-
ment's poultry faculty with contributions from others in the University of Nebraska who 
work with avian species. The purpose is to make our activities known to the poultry industries 
in Nebraska. The majority of articles are based on on-going research but are written in a 
relaxed style for ease of reading. If at any time an article or piece of information is of special 
interest to anyone in the industry, we hope you will contact us to discuss it. 
Heat Stress and Egg Production 
New Information 
Ruben P. Novero 
MaryM. Beck 
Earl W. Gleaves 
James A. DeShazer 
Traditionally, the decline in egg 
production during heat stress has been 
attributed to a decline in feed intake. 
However, recent evidence (Novero et 
al., 1989; Donoghue et al., 1989) indi-
cates thatLH (luteinizing hormone) and 
progesterone levels in plasma are re-
duced by heat stress. Under normal 
conditions, progesterone feeds back in 
a positive manner on the hypothalamus 
to stimulate the release of LHRH (LH-
releasing hormone) and thus controls 
the output of LH which in tum feeds 
forward to the ovary to maintain pro-
gesterone secretion on a daily basis 
(Johnson and van Tienhoven, 1984). 
The question studied was whether heat 
stress affects the ovary directly to shut 
down progesterone, or indirectly via 
LH depression or reduced feed intake. 
Materials and Methods 
Forty-eight Hy-line W-36 hens, at 
least eight months of age and laying 
regular clutches of four or more eggs, 
were housed in individual cages in an 
environmentally controlled chamber with 
feed and water provided ad libitum. 
The photoperiod consisted of 16L:8D, 
5 am to 9 pm. 
Time of mid-clutch oviposition was 
determined to the nearest five minutes. 
Time of ovulation was estimated at 30 
minutes following the oviposition, with 
an estimated ovulation-oviposition inter-
val of 25 hours. 
Hens were acclimated to a cyclic 
temperature of 17-27C (NS, not stressed) 
for two weeks and then maintained at 
that temperature or moved to a constant 
heat stress (35C, HS) temperature. The 
move occurred immediately following 
an oviposition. Relative humidity, con-
trolled by dew point, was maintained at 
-50%. 
Experimental protocol: Plasma 
hormone levels: Immediately after heat 
onset, hens were cannulated in the bra-
chial vein with a 24gx1.6cm IV cathe-
ter using xylocaine topical anesthesia 
and 2-ml blood samples were taken 
every 30 min from 6h before until pre-
dicted ovulation, and later tested for 
progesterone (at UNL) and LH (at 
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Rutgers University). 
Experimental protocol: In vitro 
determination of granulosa cell ac-
tivity: At 6h before the predicted ovu-
lation, hens were euthanized and the 
largest follicle (F1) was removed and 
placed immediately in ice cold 1% sa-
line. Granulosa cells were isolated, dis-
persed, incubated (as described by Tilly 
and Johnson, 1987), and tested for their 
ability to produce and secrete proges-
terone by challenging them with LH. 
Results 
Experiment 1: Progesterone in 
plasma was significantly reduced by 
heat stress from 6h to 1h pre-ovulation 
(Table 1). Similarly, LH was reduced 
from 6h to predicted ovulation (Table 
2). When superimposed, the two hormone 
peaks coincide (Fig. 1), consistent with 
findings of Mashaly et al (1976) and 
Johnson and van Tienhoven (1980). In 
both heat-stress and normal environ-
ments, eggs were laid in three distinct 
intervals (Table 3): early (<24h; 71.4% 
in HS; 13.3% inNS); average (24-26h; 
14.3% in HS; 73.3% in NS); and de-
(continued on next page) 
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Figure 1. Plasma progesterone and LH proftles from 6h to predicted ovulation of heat-stressed (HS) 
and non-stressed (NS) hens. 
layed (>26h; 14.3% in HS; 13.3% in 
NS). Only early eggs from the heat-
stress environment had soft or no shells. 
Experiment 2: Granulosa cell 
progesterone secretion from HS and NS 
hens with (LH) and without (NLH) LH 
challenge is shown in Fig. 2. Normal 
cells secreted significantly (P=.0001) 
more progesterone than did cells from 
HS hens. LH challenge induced a sig-
nificant increase (P=.0001) in proges-
terone from NS cells, but cells from HS 
Table 1. Plasma progesterone concentrations 
in heat-stressed (HS) and non-
stressed (NS) hens from 6h before to 
predicted ovulation. 
Hours before Progesterone 
ovulation (pg/ml) 
l-IS NS p 
6 68 1656 .008 
5.5 66 2105 .002 
5 65 2045 .0003 
4.5 68 1933 .0001 
4 73 1932 .0001 
3.5 74 2170 .0001 
3 65 1952 .002 
2.5 55 1811 .0004 
2 69 1739 .002 
1.5 64 1704 .007 
1 67 1458 .01 
hens did not respond to LH (P> .05). 
Discussion 
Results show that both ovulatory 
hormones, LH and progesterone, are 
reduced in the first cycle following 
onset of heat stress, indicating direct 
effects on one or both. A reduction in 
feed intake that also might occur in the 
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Table 2. Plasma LH concentrations of heat-
stressed (HS) and non-stressed (NS) 
hens from 6h before to predicted ovu-
lation 
Hours before Ll-1 (pg/ml) 
ovulation 
HS NS p 
6 1553 3862 .007 
5.5 1305 4882 .0006 
5 1571 4730 .0002 
4.5 1416 4515 .003 
4 1301 3676 .005 
3.5 1617 3508 .OJ 
3 1465 3597 .006 
2.5 1575 3526 .03 
2 1772 2567 .004 
1.5 1288 2358 .008 
I 1346 2392 .003 
0.5 1485 2500 .004 
0 1633 2503 .OJ 
first day of heat stress would not be 
expected to affect the hormone levels 
then but would probably exert an effect 
on later hormone production . An ear-
lier study (Donoghue et al., 1989) sug-
gested the decreased LH seen under 
heats tress as the basis for decline in egg 
production. In the second study here, 
however, it was shown that granulosa 
cells lose the ability to secrete proges-
terone even when challenged by LH. 
This seems to suggest that regardless of 
the effect ofthermal stress on the brain, 
v 
a vs b P < O.OOOI 
a vs c P < O.OOOl 
c vs C P > 0.05 
/ T ,/ r ~ 
1 40.25 ± 6.60] 51.31 ± 6.35 
HS 
0.5 53 
0 61 
1018 
705 
.06 
.07 
Figure 2. Progesterone secreted by granulosa cells from heat-stressed (HS) and non-stressed (NS) 
hens in response to (LH) and without (NLH) LH challenge. 
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Table 3. Summary of observed oviposition in-
tervals of HS and NS hens 
HS 
20.66h 
Early 71.42% 
(<24h) 
25.49h 
Average 14.29% 
(24-26h) 
27.24h 
Delayed 14.29% 
(>26h) 
NS 
23.46h 
13.33% 
24.75h 
73.34% 
26.60h 
13.33% 
Transformed 
proportion 
HS NS 
.688 .062 
.145 .813 
.165 .125 
the ovary loses the ability to respond, in 
tum suggesting a direct effect on the 
ovary. Both brain and ovary may be af-
fected simultaneously since each hor-
mone is thought to feed back positively 
on the other; however, an in vitro test of 
the LH portion of the axis is still out-
standing. 
From results of this study, the fol-
lowing can be proposed: ovarian func-
tion appears to be depressed by thermal 
stress to the extent that progesterone 
synthesis decreases, which would cause 
the failure of the feedback mechanism 
to the hypothalamus and the cascade of 
events leading to ovulation. The ques-
tion of variation in oviposition interval 
was not addressed directly by the re-
search but a speculation might be raised 
for future study. Progesterone has been 
implicated in oviposition as well as in 
ovulation (Wilson and Sharp, 1975). 
Our results indicate that when proges-
terone is present at normal levels, ovi-
position interval is average, but that 
when levels are depressed, for example 
by heat stress, timing of oviposition is 
affected such that eggs are either early 
or delayed. 
Heat stress effects on reproductive 
function leading to declines in egg pro-
duction during periods of high environ-
mental temperatures are therefore not 
attributable solely to depressed feed in-
take. In addition, a possible clue to the 
increased incidence of premature eggs 
during heat stress may have been found 
if the link between progesterone levels 
and oviposition can be substantiated. 
Cholesterol and Fat 
Reduction in 
Dehydrated Chicken 
G. W. Froning 
Cholesterol and fat in foods con-
tinue to dominate consumer concerns. 
Nutrition is now a big emphasis in the 
food industry and many firms are capi-
talizing on health issues. Fortunately, 
poultry meat is considered a healthful 
food. Nevertheless, there still are op-
portunities for the poultry industry to 
make further gains in the growing market 
Can we produce product formulations 
essentially fat free? 
Research in this area from our 
laboratory was reported at the Poultry 
Science Meeting in Virginia recently. 
Supercritical carbon dioxide extraction 
was used on dehydrated chicken. This 
process involves bringing carbon diox-
ide to its supercriticallevel by increas-
ing the pressure and temperature of the 
gas. When the gas reaches this super-
critical level, it acts as a solvent which 
can effectively remove certain compo-
nents from foods. For example, this 
technology is used commercially to 
decaffeinate coffee and extract food 
flavors. 
Our work this year indicates that 
we can remove almost all of the choles-
5 
terol and fat from dehydrated chicken 
meat (fable 1). Preliminary work shows 
that this can be accomplished without 
altering the meat flavor. This research 
could open a market for low-fat soup 
mixes and other low-fat chicken con-
venience products. 
Unfortunately, we cannot presently 
usesupercritical extraction on raw meat 
systems. More research is needed to 
develop technology for removing fat 
and cholesterol from raw chicken meat. 
Although poultry meat is consid-
ered a healthy low fat food, we need to 
continue to look ahead. There are in-
creasing markets for very low fat food 
items. With the advent of fat substi-
tutes, we may also be able to reformu-
late products using a fat substitute to 
provide the mouth feel and texture of a 
higher fat item. 
Table 1. Cholesterol and fat removal from de-
hydrated chicken powder and chunk 
chicken using supercritical carbon di-
oxide extraction. 
Percent removed 
Cholesterol Fat 
Chicken powder 92 90 
Chunk chicken 90 95 
Progress Toward Developing 
Autosexing White Leghorns 
John Brumbaugh 
It should be advantageous to pro-
duce a strain of autosexing White Leg-
horns so that the cost of sexing newly-
hatched chicks could be eliminated. 
The sex-linked slow feathering gene 
(K) is sometimes used, but it is associ-
ated with theendogenousvirus,EV-21, 
which is a distinct disadvantage be-
cause it interferes with the immune 
response to leukosis virus. 
Progress 
Collaborative efforts between the 
School of Biological Sciences at UNL 
(Dr. John Brumbaugh, technologist Beth 
Whitaker, and graduate student Tim 
Frew); the Frederick Cancer Research 
Facility at Frederick, Maryland (Drs. 
Steve Hughes and Mark Federspiel); 
and Michigan State University (Dr. Don 
Salter, technologist Bill Payne) have 
resulted in progress toward developing 
a vector for insertion into any White 
Leghorn line. The vector increases 
pigmentation and when stably inserted 
on the sex (Z) chromosome would enable 
autosexing strains to be established. 
The inserted gene is the primary pig-
ment gene called tyrosinase from the 
mouse. The final objective is to devel-
op a defective or "crippled" virus which 
would piggyback the mouse tyrosinase 
gene into the Z chromosome where it 
would be inherited as a stable genetic 
trait. The final virus would never repli-
cate or produce additional viruses but 
would only provide the mechanism for 
inserting the gene into the chicken 
chromosome. 
Research at Nebraska is supported 
by a grant from the USDA entitled, 
"Testing an easily monitored gene trans-
fer system for early chick embryos." 
The mouse tyrosinase gene, carried by 
a chicken virus, has been expressed in 
pigment cells, fibroblasts (basic em-
bryo body cells), and liver cells in cell 
culture. Figure 1 shows the expression 
of pigment in chick fibroblasts. The 
right centrifuge tube containing the black 
cellular material has been infected with 
the mouse pigment gene when com-
pared to the control tube containing 
white cellular material. 
The same vector was injected into 
unincubated, but fertile, White Leg-
horn eggs. Some hatchlings had reddish 
down, darkly pigmented legs, and, on 
autopsy, pigmented spots in their liv-
ers. Unfortunately, the mouse gene is 
being expressed in all tissues in these 
birds. The fact that pigment is produced 
in all tissues is a distinct disadvantage 
because of the toxic products produced 
by the gene when it is not in its normal 
pigment cell environment. 
New Tests 
Current experiments are testing a 
new virus construct. In this case, the 
mouse gene has a controlling region 
associated with it so that the tyrosinase 
gene will only be expressed in pigment 
cells. This should eliminate or signifi-
cantly reduce the abnormal expression 
of pigment in normally nonpigmented 
tissues and should lead the way to ex-
pression only in the down of White 
Leghorn chicks. The group at Freder-
ick, Maryland, is well on its way to 
developing the defective virus that would 
enable insertion without subsequent 
infection. 
These experiments have shown that 
a mouse trans gene, tyrosinase, can pro-
duce pigment in White Leghorn chicks. 
The production of pigment in the chicks 
encourages us that, with further refine-
ment, an autosexing vector for intro-
ducingautosexing into White Leghorns 
without substantially altering produc-
tion traits is near. 
Figure 1. Centrifuge tubes containing chicken cells infected with mouse pigment gene (black) and 
normal chicken cells (white). 
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E. coli Infections in Nebraska Turkey 
Flocks: A Study of Several 1990 Cases 
Dr. Eva Wanner-Pendleton 
Introduction 
Infections due to E. coli are proba-
bly among the most costly in the poul-
try industry. A 1984 study by the Na-
tional Turkey Federation estimated that 
E. coli disease in turkeys alone cost the 
industry almost 40 million dollars. The 
study examined several factors includ-
ing poult yield, omphalitis, total mor-
tality , medication, and condemnations. 
Considering the growth of the industry 
in the last seven years, and the in-
creased costs for poults, medication, 
etc., it is safe to assume that loss due to 
this infection may be much higher. 
E. coli diseases are often catego-
rized by the clinical signs and primary 
organ(s) infected, or by the age group 
of bird involved. Classic textbooks dif-
ferentiate between E. coli causing: (1) 
early chick mortality; (2) respiratory 
tract disease; (3) eye infections; (4) 
synovitis and joint infections; (5) ovi-
duct infection; (6) intestinal granulo-
mas; and (7) acute septicemia. Acute E. 
coli septicemia ensues when bacteria 
gain sudden entrance into the host ani-
mal's bloodstream, resulting in rapid 
multiplication of the bacteria and death. 
Summary of Cases 
Between July 1990 and October 
1990, 17 cases of acute E. coli septice-
mia were diagnosed in turkeys at the 
Veterinary Diagnostic Center, Univer-
sity of Nebraska, Lincoln. Actual 
numbers of outbreaks were probably 
higher because repeat infections were 
common on the same premises. Labo-
ratory confirmation of the disease was 
not always performed in repeat out-
breaks. 
This is a remarkably high number 
of cases in a relatively short time con-
sidering the total number of birds in 
Nebraska. The cases were all very similar. 
Mortality would become elevated around 
three weeks of age and would be alarm-
ingly high at about four weeks. This 
mortality would persist until about six 
and a half to seven weeks of age. Total 
mortality from this disease ranged from 
2.2% to 18.47%, withanaverageof8% 
(based on personal communications with 
producers). 
Necropsy of affected birds typi-
cally revealed plump birds with dark 
skin and musculature. Internally, the 
spleen was usually enlarged and dark 
red in color. The intestines contained a 
large amount of orange mucoid feces, 
and the liver might be swollen and pale. 
Airsacs and heartsac were rarely thick-
ened. In several outbreaks, the sinuses 
were swollen in occasional birds and 
contained clear mucus. The tracheas 
also contained some clear fluid. 
Several laboratory tests were per-
formed on suspected E. coli cases, in-
cluding bacterial cultures of liver, in-
testines, lungs, tracheas, and spleens; 
serology to test for other underlying 
diseases; and microscopic examination 
of tissues. 
Heavy numbers of £. coli were 
found in all tissues cultured. Two cases 
were positive for bordaJella avium (11% ). 
Ninety blood samples were screened 
for antibodies to other underlying dis-
eases. Of these, all sera were negative 
for Newcastle disease, Mycoplasma 
meleagridis, Mycoplasma gallisepticum, 
Avian Influenza, and Paramyxovirus 
type 1, 2, and 3. One flock may have 
had exposure to Mycoplasma synoviae. 
Antibodies to Hemorrhagic Enteritis 
were present in 50% of the sera tested. 
Thirty-three percent of sera tested were 
positive for bordatella avium antibod-
ies. A large percentage of these anti-
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body titers may have been vaccination 
induced. 
Field Investigations 
Of the 17 cases documented, 6 
field investigations were made to the 
affected premises. Since these outbreaks 
occurred in mid-summer to early fall , 
the only environmental factor in com-
mon was the very hot weather experi-
enced; ventilation was, in general, not 
adequate at this time. Management 
practices were highly varied on the 
different farms. Sixteen of the 17 cases 
involved poults derived from one hatch-
ery source, although several breeder 
flocks were involved. 
Antibiotic Sensitivity Testing 
The antibiotic sensitivity patterns 
(Table 1) were found on£. coli isolates 
cultured from sick birds submitted to 
the laboratory. The Sensitire micro-
biological systems was used. 
Preliminary E. coli Typing Results 
Selected E . coli organisms were 
(continued on next page) 
Table 1. Antibiotic sensitivity patterns. 
Sensitive Resistant 
Amikacin• 100% 
Ceftiofur• 100% 
Enrofloxcin• 100% 
Erythromycin 100% 
Gentamicin 43% 57% 
Neomycin 43% 57% 
Nitrofurazone 38% 62% 
Penicillin 7% 93% 
Spectinomycin 14% 86% 
Sulfonamide 100% 
Tetracycline 7% 93% 
Trimethoprim/sulfa 
combination 79% 21 % 
Tylosin 100% 
*Not currently approved for use in poultry. 
sent to the Pennsylvania State Univer-
sity for serotyping. In addition to iso-
lates from grower cases, several iso-
lates were taken directly from hatchery 
samples. This was done to see if any 
relationship existed between the out-
breaks occurring throughout the state. 
0 and H antigens are components 
of theE. coli bacterium andean be used 
to partially identify the organisms. Table 
2 shows several serotypes of E. coli 
were incriminated in outbreaks through-
out the state. Isolates A,B,E, and K 
each have untypeable 0 and H anti-
gens. This does not necessarily indicate 
they are the same organism, only that 
they cannot be typed with the test used. 
These isolates are currently being ex-
amined with a test called multilocus 
electrophoretic enzyme assay (MLE). 
This test will determine with a high 
degree of accuracy whether these or-
ganisms are related. 
Conclusions 
Although much information has 
been published concerning E. coli dis-
eases in poultry, many unanswered 
questions remain. Some strains of the 
organism appear more able to induce 
disease than others. However, without 
additional predisposing factors, it is 
difficult to reproduce the illness. Pre-
disposing factors include: 
1. Heat or cold stress; especially 
with high humidity. 
2. Social stress from overcrowd-
ing. 
3. Poor ventilation, resulting in high 
ammonia or dust build-up. 
4 . Excess moisture in the litter, 
wet conditions in the building. 
5. Manure buildup in the houses 
and a general breakdown of sanitation, 
particularly around feeders and waters. 
6. Underlying viral, bacterial, or 
protozoal diseases. 
7. Other stress factors. 
Although no one individual farm 
experienced all of the above factors, 
several had more than one present. The 
combination of time of year, introduc-
tion of some so called "hot" organisms, 
and presence of the above predisposing 
factors most likely resulted in the rash 
of outbreaks observed. Table 1 shows 
antibiotic resistance continues to inten-
sify. The producer must not rely on 
antibiotics alone to combat this disease, 
as prevention is the only real cost-effec-
tive way to grow turkeys in this highly 
competitive market Each grower should 
critically examine management prac-
tices on his or her operation and resolve 
to eliminate as many predisposing fac-
tors as possible. 
Table 2. Serotypes incriminated in outbreaks. 
Isolate ID 0 antigen H antigen 
A (·)* non-motile 
B (-)* non-motile 
c 103 21 
D 8 non-motile 
E (-)* non-motile 
F 2 (-)* 
G 22 6 
H (-)* (-)* 
I 75 (+)* 
1 75 (-)* 
K (-)* non-motile 
* Indicates antigen untypeable with system used. 
Nebraska 4-H'ers at Conference 
F. John Struwe 
The National4-H Poultry and Egg 
Conference is held each year in Louis-
ville, Kentucky. The conference allows 
4-H 'ers from all over the country to 
compete in educational events that help 
them learn to make and defend deci-
sions, speak publicly, and gain skills in 
poultry related subject matter. 
The conference has five separate 
events. The judging contest includes 
Nebraska 4-H'ers at the 1989 conference. Seated: left to right, Carin 
Gerdes (Coach), Heather Richter, Joy Dinneen, Peggy Struwe. Back row: 
left to right, Ryan Grotrian, John Struwe, Ben Christen, Jeff Gerdes. 
Nebraska 4-H'ers at the 1990 conference. Left to right: Peggy Struwe, Lisa 
Schleufer, Paulette Stoll, Kevin Whitmore, Alisa Wood, John Struwe, 
Kelvin Whitmore, Gary Tordrup (Coach). 
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live production hens, market eggs, and 
ready-to-cook poultry. During chicken 
barbecue and turkey barbecue contests 
the youngsters cook over an open grill 
and give an oral presentation on their 
productcoveringnutritional value, ease 
of cooking, means of preparation, and 
other pertinent information. In the 
egg preparation demonstration the 
4-H'er cooks a dish using eggs and 
gives an oral presentation about the 
value of eggs. The fifth part of the 
conference is the avian bowl. Here teams 
are questioned on poultry in general . 
The conference is funded through 
contributions of money, goods, or serv-
ices from many individuals, poultry 
and allied industries, companies, and 
commodity organizations. Nebraska 
Poultry Industries sponsors the Nebraska 
delegation each year, while the Nebras-
ka Turkey Co-op in Gibbon supplies all 
the turkey filets for the turkey barbecue 
contest. Campbell Soup Company and 
Norbest Inc., provide awards for the 
chicken barbecue contest, and the tur-
key barbecue contest, respectively. 
In 1989 the Nebraska team from 
Nemaha County finished 15th in the 
judging contest out of 31 teams 
competing. Jeff Gerdes of Auburn and 
RyanGrotrianofHumboldtplaced 17th 
and 19th among 92 individuals in the 
judging of live production hens. Joy 
Dinneen from Omaha had a 9th place 
finish in the turkey barbecue with 10 
entries in that event. Heather Richter 
from Elwood placed 8th out of 17 in the 
egg preparation contest. 
Last year the 1990 team from 
Nuckolls County finished 13th in the 
judging contest, and 5th in market eggs. 
There were 21 teams competing. Lisa 
Schleufer of Nora finished 3rd in mar-
ket eggs competing against 79 other 
individuals. Paulette Stoll from Cozad 
finished 6th in the egg preparation 
contest. There were 17 entries in the 
egg demo contest in 1990--the same as 
in 1989. Alisa WoodofPalmyraplaced 
6th in the turkey barbecue contest which 
had a total of nine entries. Our state has 
not had a representative in the chicken 
barbecue contest or the avian bowl in 
the last two years. 
Nutritional Value of Cereal 
Grains for Poultry 
T. W. Sullivan 
J. H. Douglas 
Abundant cereal grains and other 
feed ingredients in Nebraska provide a 
major advantage for poultry and other 
livestock producers. In 1989, Nebraska 
ranked third in com for grain produc-
tion, third in sorghum grain (milo) 
production, lOth in winter wheat pro-
duction, and 12th in oats production. 
Also, Nebraska ranked seventh in soy-
bean production in 1989. Soybeans are 
processed in Nebraska, providing a high 
protein meal (44 or 47.5%) for live-
stock feeds and oil for food products. 
These crop production statistics explain 
why poultry feed prices in Nebraska are 
as much as $20 per ton less than feed 
prices in the southeastern states. 
Com and sorghum are the major 
feed grains in Nebraska. Prices of these 
feed grains in each locality dictate the 
extent to w!lich each is used in poultry 
diets. Other cereal grains including 
wheat, oats, barley ,andmilletareavail-
able in Nebraska, and are priced low 
enough at certain times for use in poul-
try diets. This paper will discuss the 
nutritional value of different cereal 
grains, and provide information and 
guidelines for the most effective use of 
each in poultry diets. 
Nutrient Content of Cereal Grains 
Levels of selected nutrients in dif-
ferent cereal grains are presented in 
Table 1. Mostofthesedataarecompos-
ite values reported by the National 
Research Council in 1984. However, 
data for proso and pearl millets were 
obtained in· research studies conducted 
recently in the Animal Science Depart-
ment at UNL. 
Com, the most important feed grain, 
is the standard for comparisons among 
cereal grains. The most important nu-
trient furnished by cereal grains is meta-
bolizable energy (ME) from the carbo-
hydrate (starch) , fat, and protein con-
tents. The level of ME in sorghum is 
slightly lower than in com; however, 
the ME levels in wheat (hard red win-
ter), oats, and barley are only 83.6, 
86.5, and 78.4%, respectively, the level 
in com. Experimental varieties of pearl 
and proso millets evaluated in our labo-
ratory in 1989 contain relatively high 
(continued on neXI page) 
Table 1. Nutrient levels in different cereal grains (as-fed basis).• 
Yellow Sorghum Pro so Pearl 
Nutrient com grain Wheat• Oats Barley' millet millet 
M. energy , kcal/kg 3350 3288 2800 2898 2640 3270" 3370" 
M. energy, kcal/lb 1520 1491 1270 1315 1198 1484 1529 
M.E., %of com 100 98.1 83 .6 86.5 78.4 97.6 100.6 
Crude protein, % 8.8 9.0 14.1 11.4 11.6 11.3 11.1 
Lysine, % .24 .21 .40 .50 .40 .33 .32 
Methionine, % .20 .16 .19 .18 .17 .17 .20 
Cystine, % .15 .16 .26 .22 .19 .17 .19 
Tryptophan, % .09 .10 .18 .16 .14 
Threonine,% .39 .29 .37 .43 .42 .32 .46 
Isoleucine, o/o .37 .42 .58 .52 .49 .37 .36 
'Nutrient levels for all grains except the millets were reported by the National Research Council in 1984. 
Values for proso and pearl millets were obtained in research studies conducted in the Animal Science 
Department, UN L in 1989. 
•Hard red winter wheat 
'Midwest barley. 
•These ME values were calculated from proximate analysis data. 
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levels of ME. Production ofProso mil-
let in western Nebraska is increasing. 
Pearl millet apparently has much po-
tential as a commercial feed crop be-
cause high-yielding hybrids adapted for 
mechanical harvesting are now pos-
sible. 
Crude protein and amino acid con-
tent of cereal grains are important in 
poultry nutrition. Lysine, methionine, 
and cystine are the more important amino 
acids, followed by tryptophan, threon-
ine, and isoleucine. Grains with high 
levels of protein and these critical amino 
acids have the potential for lowering 
the cost of poultry diets by reducing 
levels of soybean meal and supplemen-
tal amino acids needed. 
Factors Innuencing Nutritional 
Value 
A number of factors influence the 
nutritional value of grains. 
Type or variety. Yellow dent is 
the most common type of com cur-
rently produced. However, white, flint, 
opaque-2, flowry-2, and waxy corns 
are produced to a limited extent. These 
corns vary in ME, protein, and amino 
acid content. 
Sorghums (milo) may be red, yel-
low, cream, white, or brown (bird-re-
sistant). Bird-resistant sorghums which 
contain a polyphenolic toxicant, tan-
nin, are not produced in Nebraska. 
Most of the wheat produced in 
Nebraska is the hard red winter type. 
However, soft white winter and spring 
wheats are produced in other locations. 
Oats produced in Nebraska and 
other midwestern states contain similar 
levels of ME but higher levels of pro-
tein than oats produced in the Pacific 
Coast states and provinces. 
Barley is not a common crop in 
Nebraska, but is grown extensively in 
the Pacific Northwest, and to a lesser 
extent in North Dakota and Minnesota. 
Types or varieties of barley are hull-
less , malting, regular, Midwest, and 
Pacific Coast. 
Pearl millet is perhaps the most 
important of four types or species of 
millet which are grown extensively in 
the hot, dry areas of Africa and Asia for 
human food. Other types of millet in-
clude proso, finger, and foxtail. Proso, 
the only millet grown commercially in 
Nebraska, is not presently used as a 
feed grain. 
Production location. Environmen-
tal factors such as temperatures and 
rainfall (or irrigation) usually have a 
greater effect on the crude protein ME 
levels in a grain crop than does variety. 
This is especially true for sorghum and 
corn. Low rainfall and an early frost 
will often result in lower yields, lower 
test weights, and lower ME levels in 
sorghum. However, these factors tend 
to increase the percent of crude protein. 
Fertilization. Level of fertiliza-
tion influences yield and nutrient com-
position of grain crops. Higher nitrogen 
fertilization increases the crude protein 
content and amino acid levels in com, 
sorghum, and most other grain crops. 
Other factors. The presence of 
beta-glucans (a non-digestible carbo-
hydrate) in barley, and toxic compounds 
such as tannin in bird-resistant sorghums, 
have a definite influence on nutritional 
value. Digestibility of starch and amino 
acids in cereal grains is affected by 
variety and other factors. Future studies 
will provide more information on di-
gestibility of nutrients in grains and 
other feedstuffs. 
Guidelines for Use of Cereal Grains 
Effective use of different cereal 
grains depends on the application of 
both nutrient composition data and 
specific knowledge of each grain. Nu-
trient composition of grains may be 
obtained from reliable and appropriate 
published tabular data. However, labo-
ratory analysis of each grain supply 
would ideally provide the best informa-
tion on nutrient composition. Specific 
comments about the effective use of 
different cereal grains follow. 
Yellow corn. The preferred feed 
grain for poultry based on nutrient 
composition and nutrient density is 
yellow com. When yellow pigment or 
xanthqphyll is desired in egg yolks and 
broilers, com furnishes the necessary 
pigment. Com should be ground rather 
than rolled, especially for starter and 
grower diets. 
Sorghum (milo). The ME level or 
caloric value of most sorgh urns is lower 
(2 to 3%) than that of com. When 
sorghum replaces com, it is necessary 
to include added fat to provide the same 
ME level. The color of the cuticle or 
outer layer of the sorghum berry (red, 
bronze, yellow, cream, or white) has 
little or no correlation with nutritional 
value according to research studies at 
the University of Nebraska and at other 
locations. Sorghum diets are better used 
Table 2. Effects of grain source and processed form on body weight gain and feed conversion of 
broilers from 1 to 21 days.•.b 
Grain source' 
Grain Yellow LT HT 
Measurement processing com sorghum sorghum Average• 
Body wt gain, grams Ground 521 510 440 490A 
Rolled 488 462 420 457 8 
Average• 505A 486A 430" 
Feed:gain ratio Ground 1.49 1.54 1.71 1.588 
Rolled 1.55 1.61 1.75 1.64A 
Average• 1.528 1.588 1.7JA 
'Douglas, J.H., T.W. Sullivan, P.L. Bond, F.J. Struwe, J.G. Baier, and L.G. Robeson, 1990. Poultry Sci. 
69:2150-2156. 
•Thirty-six chicks were assigned to each of the six treatments. 
'L T, low-tannin sorghum; HT, high-tann in sorghum (milo) . 
•composite average values for either grain sources or processing methods with different superscripts are 
significantl y different (P<.05). 
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by all poultry when the grain is ground 
in a hammer mill instead of processed 
in a roller mill. A supplemental source 
of yellow pigment is needed when sor-
ghum replaces all of the yellow com in 
layer diets. 
Effects of grain source and proc-
essed form on performance of starting 
broilers are shown in Table 2. There 
were no significant differences (P> .05) 
in body weight gain and feed conver-
sion of birds fed corn and low-tannin 
(L T) sorghum. However, birds fed high-
tannin (HT) sorghum had lower weight 
gains (P<.05) and poorer feed conver-
sion (P<.05) than birds fed either corn 
or LT sorghum. Feeding diets with rolled 
grains depressed weight gain (P<.05) 
and feed conversion (P<.05) as com-
pared to feeding diets with ground grains 
(processed in a hammer mill). The poor 
performance of broilers fed diets with 
rolled grains versus diets with finely 
ground grains might have been due to 
birds selectively eating the large par-
ticles of diet. Also, the seed coat of the 
grains- especially sorghum- might 
not have been adequately disrupted by 
rolling to ensure water penetration and 
digestive enzyme action. These results 
emphasize the importance of proper 
processing of grains for poultry diets. 
Coarse grinding or rolling of grains 
would be less a problem for layers and 
older turkeys. However, these process-
ing methods are not recommended even 
for older birds. 
Wheat. Hard red winter wheats 
produced in Nebraska contain higher 
protein levels (11 to 19%) than other 
feed grains. Lower levels of soybean 
meal needed in wheat diets tend to 
reduce the cost. Diets containing high 
levels of finely ground wheat may re-
sult in pasting of the beak and beak 
necrosis. The gluten in wheat is respon-
sible for this problem that is largely 
overcome by coarse-grinding the grain. 
This is not a problem when wheat diets 
are pelleted or crumbled. 
Barley. Because of the abundant 
supplies of corn and sorghum, little or 
no barley is used in poultry diets in 
Nebraska. A non-digestible carbohy-
drate, beta glucans, is found in barley at 
levels of 1.5 to 11.0%. Effects of beta 
glucans can be partially alleviated by 
water extraction of the grain, antibiotic 
supplementation, or enzyme supplemen-
tation of diets. 
Conclusion 
Poultry producers in Nebraska have 
the opportunity to reduce feed costs by 
using different grains. Producers should 
be alert to price differences among grains 
and seasonal trends in supply and prices. 
Accurate data on nutrient composition 
and specific knowledge of how best to 
use each grain are essential to success. 
---------------------------------------
Vocalization- A Potential 
F. John Struwe 
Earl W. Gleaves 
Even though many egg producers 
sense changes in the sounds emitted by 
their flock, there are no universally 
accepted interpretations of the changes. 
Vocal changes associated with care-
fully controlled stressful situations have 
not been studied. Six different manage-
ment situations were set up to see if 
they would affect vocalizations from 
laying hens. It was hoped that if there 
was a change in either the number of 
calls or the physical characteristics of 
the calls, the difference might be de-
tected by sonogram. Three of the man-
agement situations discussed here are 
normal, heat stress, and frustration. 
During heat stress the temperature was 
88-98°F with very little nighttime cool-
ing. When feeders were covered the 
birds were frustrated by being unable to 
Management Tool 
get feed they could see. Normal vocali-
zations were used as a standard against 
which the other vocalizations were 
compared. 
Calls were classified by sound, and 
were given names that reflected that 
sound. In order for the call to be classi-
fied, both the author and an assistant 
had to agree that a particular call was of 
a certain type (name). Once both agreed 
on the type of call, a sonogram was 
made. The sonograms were then exam-
ined to make sure that the patterns were 
similar. Six calls were recorded during 
the study. They were the squaaak-kluck, 
moan, kluck-kluck, kuk-kuk, trill, and 
squawk. Not all calls occurred in all 
treatments and because of space only 
three examples of one type of call are 
reported here. Other calls occurred but 
were not used because of insufficient 
number of good recordings. 
A typical (general) sonogram is 
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shown in Figure 1 with the areas of 
interest labeled. The frequency of each 
formant (band) was determined by 
measuring it from its middle to the 
baseline. The x axis represents the length 
of the call in seconds. 
Sonograms 
Squaaak-Kluck. The squaaak-
kluck call occurred in all of the man-
agement situations except beak-trim-
ming. The fust part (squaaak) of the 
call is much longer in duration than the 
second part (kluck) which was usually 
repeated several times. After several of 
the shorter klucks, the squaaak would 
be repeated. At other times, the call 
would only be given once. 
The formants of the fust part of the 
call tended to follow through into ihe 
second part. There are two intense for-
( continued on next page) 
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Figure 1. Identification of sections of sonogram. 
A -Baseline zero frequency. 
B - 1,000 Hz marks along frequency scale. 
C, D, E- Formants: a resonance band oscillating at a particular frequency; the darker the band the 
more amplitude or energy given that formant. 
F- Time scale measured in millimeters with a ruler. Each millimeter is equal to 7.7 milliseconds. 
mants wilh various numbers of weaker 
formants involved in the call. The for-
mants are about 500 Hz wide in all 
cases. 
NormaL Under normal conditions 
the fust formant in the squaaak has Lhe 
most intensity (amplitude) and begins 
at about 750Hz (Figure 2). The second 
formant is not as long in duration and 
not quite as dark, an indication Lhat not 
as much energy is used in making it. 
MOO 
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The kluck has two intense formants and 
a weaker third at about 2,000 Hz. The 
fust formant of this call is also Lhe more 
intense at about 750 Hz. 
Feeders Covered (frustration). 
When Lhe feeders were covered wilh 
plexiglass the squaaak-kJuck had a dif-
ferent formant pattern (Figure 3). Here 
Lhe second formant is most intense. 
There are also possible formants at 2,000 
and 4,000 Hz which is a much higher 
L_ _ ____________ .2.2Second•'- - - - -----cc:----+,---__j 
Figure 2. The squaaak-kluck call made by hens under normal conditions. 
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frequency than under normal condi-
tions. During Lhe kJuck, the fust for-
mant becomes even less intense and Lhe 
second formant becomes wider, possi-
bly encompassing the third formant. 
This call is somewhat shorter than Lhe 
call under normal conditions. The for-
mant at 4,000 Hz has become very 
weak. 
Heat Stress. In Figure 4, the heat 
stress sonogram is much like Lhe same 
L_ ____ ,_,. _ ____ __j 
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0 
'--------------- 1.30 Seconds __________ _J 
Figure 3. The squaaak-kluck call made by hens when the feeders were covered. 
call under normal conditions, except 
lower in intensity. The first formant is 
not the darkest one, indicating less energy 
exerted at this frequency. About .75 sec 
into the call, the second formant ap-
pears at a frequency of 1,200 Hz. The 
lines seen above the two formants are 
background noise picked up on the 
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recording. The k.luck part of this caJI 
has the same general pattern, with a 
very light first formant and a darker 
second. The second kluck on the sono-
gram shows basically only one for-
mant. 
In general, birds under stressful 
conditions produced caLls that to the ear 
Figure 4. The squaaak-kluck caiJ made by hens under heat stress. 
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were similar to those produced nor-
mally but that showed distinct charac-
teristic shifts when analyzed electroni-
cally. The number of components (for-
mants) in the calls increased as well as 
the frequency. The length of the calls 
were shorter compared to calls under 
(continued on next page) 
normal conditions. 
Behavior 
Normal. Bird activity under nor-
mal conditions was different from that 
observed under the other situations (Table 
1 ). The birds never pushed or shoved; 
they tended to stand or sit during the 
day preening, dusting, etc. They fed 
and drank throughout the day. Entry by 
a person caused milling around and 
inspection of the feeder. If no new feed 
was added the birds would settle down 
and return to whatever activity they had 
been doing. 
Vocalizations were minimal and 
did not occur as often as in stressful 
situations. Activity was more uniform 
and predictable. 
Feeders Covered (frustration). 
Birds were fed daily from 2:30 pm to 
12:00 pm (lights out). When lights came 
on each morning at 8:00 am with the 
feeders covered by plexiglass, not much 
effort was made to eat. By early after-
noon , however, pecking at the plexi-
glass, pacing before the feeder, and 
increased vocalization were observed 
consistently. Because about 24 hours 
are required to empty the gut, it was felt 
that the behavioral observations in early 
afternoon were caused by hunger and 
therefore frustration. 
There was a large increase in aver-
age high frequency for all the calls re-
corded in this management situation. 
This increased frequency could be due 
to the stress of hunger. When feed was 
returned all hens had access at the same 
time. After 10-20 minutes all the birds 
had stopped eating and returned to other 
activities, and vocalizations ceased. 
Heat Stress. During heat stress 
conclitions the hens were inactive. Birds 
stood or sat in the morning and at mid-
day (Table 1). There was very little 
vocalization except in the early morn-
ing right after the lights came on. In the 
afternoon, some birds sat with their 
necks out -stretched over the water trough 
and panted with open mouths; other 
birds stood with wings spread and panted 
(Table 1). The numberofbirdsdrinking 
was nodifferentthan the number drink-
ing under normal conditions. 
The number of squaaak klucks was 
increased somewhat over normal con-
ditions. The high frequency formant of 
calls under heat stress increased greatly 
over the normal while the low frequency 
formant did not vary much from normal 
calls. 
Conclusion 
Hens placed in stressful situations 
exhibited the following vocalization and 
behavioral patterns: 
1. For some of the calls the num-
ber of calls per session decreased as 
stress increased. 
2. The duration of the calls in-
creased as stress increased. 
3. Both the highest formant fre-
quency and the lowest formant frequency 
increased with stress. 
4. There were calls that occurred 
under the stressful situations that were 
not recorded with normal conditions. 
5. Behavior patterns were distinct 
among treatment groups and conformed 
with those reported in the literature for 
the respective situations. 
The calls were, in general, not spe-
cific for the respective stressor; that is, 
among stress situations, all calls oc-
curred. Two calls occurred only under 
stress, an observation that needs further 
investigation. It is possible, on the basis 
of call characteristics, to determine which 
are from birds under stressful condi-
tions compared to those from normal 
conditions. Although further absolute 
quantification is needed, it is evident 
that vocalization analysis has great poten-
tial as a management assessment tool. 
From such analysis it should be pos-
sible to develop a relatively simple index 
for general use in commercial opera-
tions. Research to address this is cur-
rently being designed. 
Table l. Activity• observations of laying hens under normal and stressful conditions (means). 
Conditions 
N• HS• WOF' FC" wow· T' 
Activity 
Standing 13.9 11.3 1.1 11.4 7.3 11.2 
Walking 3.8 0.1 14.3 2.5 3.0 0 
Sining 2.3 7.4 0 0.7 0 5.3 
Feeding 6.4 5.1 0 0 2.0 0.5 
Drinking 1.2 1.2 1.7 0.5 0 0.6 
Preening 2.0 1.8 0 3.8 0.7 0.4 
Dusting 0.3 0 0 0 0 0 
Panting 0 8.7 0 0 0 0 
Wings spread 0 0.6 0 0 0 0 
Pecking floor 0.1 0.3 0.7 0.3 0 0 
Stretching 0 0.3 0 0 0 0 
Standing 
at feeder 0 0 2.7 3.5 0.3 0 
Standing 
at waterer 0 0 1.9 1.8 9.3 0 
Pecking at 
feeder cover 0 0 0 1.3 0 0 
Sleeping 0 0 0 0 0 3.4 
Pecking 
at waterer 0 0 0 0 2.3 0 
•Normal 
•Heat stress 
'Without feed for 24 hours 
•Feeders covered 
'Without water 12 hours 
'Beak-trimmed 
•During each observation session, the birds posture (standing, sitting, walking, sleeping, standing at the 
feeder or standing at the waterer) was recorded. Other activities thatthe bird could be doing while assuming 
one of these postures was also recorded. For this reason the total count will be more than 20, which was 
the number of birds in each observation. 
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Response Time of Broilers to Cimaterol 
S. J. Jones 
B. L. Gwartney 
C. R. Calkins 
Introduction 
Cimaterol (a beta-adrenergic ago-
nist) decreases fat accumulation and 
increases lean tissue in meat animals, 
possibly helping produce desirable traits 
for consumers. However, some studies 
indicate that Cimaterol also decreases 
the tenderness in meat. The exact mode 
of action of Cimaterol is unknown. 
Several researchers have indicated that 
there is a reduction in the enzyme ac-
tion responsible for the breakdown and 
remodelling of muscle tissue. Others 
have demonstrated that Cimaterol causes 
the muscle fibers to become larger and 
more densely packed, possibily decreas-
ing tenderness. The objective of this 
study was to investigate the response to 
150 
:§ 
100 
~ 
Q) / 
Cimaterol by broiler chickens at vari-
ous time intervals. 
Procedures 
One hundred and sixty 33-d-old 
broilers were randomly divided into 
two groups. One-half received a con-
trol (CON) diet while the other half 
received a diet containing 1 ppm Ci-
materol (CIM). All chickens had free 
access to tap water and were fed a 
growing ration ad libitum, consisting 
mainly of grain sorghum, soybean meal, 
and a vitamin and mineral supplement 
(20% protein and 90% dry matter). The 
birds were housed in electrically-heated 
batteries in a room lighted 24 h a day. 
Ten CON and 10 CIM-fed birds were 
killed at time 0 for use as baseline 
values. Additional birds (10 CON and 
10 CIM) were killed at d 2, 4, 6, 8, 10, 
12, and 14 after beginning the trial. 
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Figure 1. Breast and leg muscle weight in control and Cimaterol treated birds. • indicates 
difference between treatment within muscle (P<.OS). 
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Breast muscle (BM), leg muscle (LM), 
and final body weight were measured 
at each kill period and them uscle saved 
for analysis. Thigh muscle (TM; Bi-
ceps Femoris, semitendinosis, semi-
membranosus and tensor facia latae) 
was also recovered to determine meat 
tenderness. Muscle fiber diameter was 
determined in BM at d 2 , 6, 10, and 14. 
Protein and DNA content were meas-
ured in BM and LM. Meat tenderness 
was determined on cooked BM and TM 
using a Instron Universal testing ma-
chine with a Warner Bratzler shear at-
tachment. Both BM and TM were cooked 
to an internal temperature of82·c in an 
electric oven. Samples were allowed to 
cool at room temperature and a 3 x 3 x 
1 em sample was removed from the BM 
and TM and sheared. 
Results 
Cimaterol-treated birds had larger 
(P < .05) breast muscles at 10 and 14 d 
of treatment and larger leg muscles at 
14 d (Figure 1). The increase in size, 
also observed by other researchers, 
demonstrates that CIM does increase 
muscle growth. Breast muscle as a 
percent of body weight was also higher 
in CIM-treated chickens at 10 and 14 d. 
Body weights were not significantly 
different between treatments, which may 
indicate that with the increase in muscle 
size there was an equal decrease in fat. 
The reduction of fat in the carcass by 
CIM in several species of animals has 
been observed by numerous reseachers. 
Muscle fibersizeofthe breast tend-
ed to be larger at d 10 (P<.13) and d 14 
(P<.17) in CIM-treated birds (Figure 
2) . Protein DNA ratio was higher 
(P<.05) in the breast muscle of CIM 
treated birds from d 6 to the end of the 
study (Figure 3). In leg muscle, protein 
to DNA was higher (P<.05) in CIM-
treated birds at 8, 10, and 14 d of the 
study. The probable cause for the in-
crease in protein:DNA would be the 
(conJinued on next page) 
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Figure 2. Breast muscle fiber size in control and Cimaterol treated birds. 
accumulation of protein within the 
muscle fiber which in turn would dilute 
the DNA that was present. This in-
crease in protein would also explain the 
differences observed in fiber size. 
Shear force values were higher in 
BM ofCIM-treated birds at6, 8, and 10 
d and in TM at 4, 8, 10, 12, and 14 d 
after start of the study (Figure 4). 
Cimaterol seems to have a longer last-
ing impact on meat tenderness in the 
TM. The differences in response to 
CIM noted in these two muscles may be 
due their fiber type. Breast muscle pri-
marily contains white fibers which 
metabolically are glycolytic and TM 
contains red fibers which are oxidative. 
Researchers have identified that red 
fibers respond to P-agonists because 
they have a higher concentration of 
P-receptor sites available on the muscle 
fiber. With more receptor sites there 
could a more sustained action of CIM 
on the muscle fiber. 
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One reason for decreased meat ten-
derness in CIM-treated animals may be 
that as muscle fibers increase in size, 
myofibrils become more densely packed. 
The increased density of the muscle 
fiber would require more force to shear, 
thus decreasing tenderness. This phe-
nomenon may help explain the reason 
for the changes in tenderness. How-
ever, tenderness differences are observed 
several days earlier than differences in 
fiber size. A possible explanation for 
this is that enzymes responsible for 
degradation of the muscle protein dur-
ing remodelling and repair may be af-
fected by CIM. If the activity of these 
enzymes is reduced, it would increase 
muscle protein and decrease meat ten-
derness. 
Summary 
Chickens fed CIM begin to show 
tenderness differences as early as 4 d 
from the start of treatment. In the TM, 
these differences persisted for an ex-
tended period of time. Muscle fiber 
size is noticeable several days later and 
total muscle size differences were not 
observed until very late in the study. 
Further studies need to be conducted to 
determine what cellular changes occur 
in muscle when an animal is treated 
with P-adrenergic agonists. 
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Figure 3. Protein:DNA ratio in breast and leg muscles of control and 
Cimaterol treated birds.* indicates differences between treat· 
ments within muscle (P<.OS). 
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Figure 4. Breast and thigh muscle shear force in control and Cimaterol 
treated birds. * indicates difference between treatment within 
muscle (P<.OS). 
Differences in Zinc Bioavailability 
K. Wedekind 
D. H. Baker 
Zinc is an important trace mineral 
added to all formulated livestock ra-
tions. The two predominant sources of 
Zn used by the animal feed industry are 
ZnO and ZnS04•Hp, with ZnO pro-
viding 80 to 90% of this usage. Early 
chick work by Roberson and Schaible 
(1958, 1960), Pensack et al., (1958), 
and Edwards (1959) suggested that no 
differences existed in Zn bioavailabil-
ity among sulfates, oxides, and carbon-
atesofZn. Weightgain wasthesolecri-
terion of Zn bioavailability in these 
studies. 
Use of chelates or complexes in 
livestock rations to provide trace min-
erals is somewhat cost prohibitive, but 
has increased over the last 10 years, 
especially in ruminant diets. The effi-
cacy of using complexes in non-rumi-
nant diets has not been clearly demon-
strated. The following studies from llli-
nois were designed to evaluate Zn bio-
availability among inorganic Zn sources, 
as well as to compare the efficacy ofZn 
complexes to inorganic Zn sources. In 
these studies the Zn bioavailability of a 
zinc-methionine (ZnMET) complex (a 
product ofZinpro Corp.) and ZnO were 
compared to feedgrade ZnS04•HP in 
chicks using slope-ratio methodology. 
Findings 
In contrast to previous studies which 
used egg-white or soy isolate diets, a 
com-soybean meal (C-SBM) diet was 
used to assess Zn bioavailability. A Zn-
unsupplemented C-SBM diet (45 ppm 
Zn; 23% CP) meets the chicks' growth 
requirement for Zn ( 40 ppm Zn; NRC, 
Table 1. Tibia zinc content of chicks fed zinc sulfate or zinc-methionine in a corn-soybean meal diet 
(E . 4) ...... 
Suppl. Zn Weight Intake Bone 
Zinc source gain Feed Suppl. Zn Zn cone. TotaiZn 
(mg/kg) (g) (g) (mg) (}lg/g) (jlg) 
0 246 379 0 108 122 
5 ZnSO,·H,O 247 362 1.8 130 143 
10 ZnSO,·l-1,0 248 370 3_7 141 !55 
20 ZnSO,•H,O 243 359 7_2 167 179 
30 Znso4~o 236 349 10.5 171 185 
40 ZnSO .. ~O 247 372 14.9 182 200 
50 ZnSO .. ~O 258 371 18.6 189 210 
5 ZnMET 243 380 1.9 146 161 
10 ZnMET 251 367 3.7 164 189 
20 ZnMET 255 372 7.5 181 203 
30 ZnMET 252 368 11.1 194 215 
40 ZnMET 250 369 14_8 191 218 
50 ZnMET 256 377 18_9 203 218 
PooledSEM 7 8 _2 6 9 
'Data represent means of four replicate groups of four chicks during the period 8 to 22 d posthatching; 
average initial weight was 68 g. 
•zinc-unsupplemented com-soybean meal diet contained 45 mg Zn/kg, 23% CP, 1.1% Ca, .5% avail. P. 
'Multiple regression of total bone Zn (}lg) on supplemental zinc intake (mg) from ZnSO .. ~O(X,) and 
ZnMET(X2) was Y = 124.5 + 8.57 X,+ 17.68 X2 , R = .89; only 0, 5 and 10 mg/kg Zn levels were used in 
multiple regression equation_ Bioavailability ofZn compared to ZnSO.-H,O (IOOo/o) was 206% (P<.Ol) 
forZnMET. 
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1984) such thatZn additions would not 
be expected to elicit feed intake re-
sponses. It is advantageous to use a C-
SBM diet to evaluate Zn bioavailability 
because the bioavailability estimates 
determined in this diet can be readily 
extrapolated to diets used commercially 
and the data are not confounded by 
differing feed intakes. Although weight 
gain can no longer be used as an index 
of Zn bioavailability, tibia Zn content 
could potentially be used as a variable 
to assess treatment differences. Small 
incremental additions (0, 5, 10, 20, 30, 
40, and 50 ppm Zn) from either 
ZnSO 4 • Hp or ZnMET were added to a 
Zn-unsupplemented C-SBM diet. 
As shown in Figure 1 and Table 1, 
a tibia Zn response range was defined 
for both Zn sources. A breakpoint for 
ZnMET occurred at 3.5 mg supplemen-
tal Zn , equivalent to 54 ppm dietary Zn 
( 45 ppm Zn from basal+ 9 ppm Zn from 
ZnMET). An inflection point for 
ZnSO 4 •Hp occurred at 5.5 mg supple-
mental Zn, corresponding to a dietary 
concentration of 60 ppm Zn ( 45 ppm Zn 
from basal + 15 ppm Zn from 
ZnSO 4 •Hp). The higher inflection point 
indicated that ZnSO /~0 provided less 
bioavailable Zn than did ZnMET, thus 
a greater level of ZnS04•HP was re-
quired to maximize tibia Zn deposition 
than for ZnMET. Comparing the slopes 
ofZnMET to ZnS04•HP below their 
inflection points indicated thatZnMET 
provided 206% bioavailable Zn (P<.01) 
relative to ZnS04·~0 (100 %). 
In Experiment 2, both a tibia Zn 
response range for ZnO and the bi-
oavailability of ZnO relative to 
ZnS04•HP were determined in a C-
SBM diet (Figure 2, Table 2). Results 
indicated that, for birds fed ZnO, a 
breakpoint for tibia Zn occurred at 7.5 
mg supplemental Zn, which corresponds 
to a dietary concentration of 65 mg Zn/ 
kg. 
(conJinued on next page) 
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Figure l. Regression of total tibia Zn on supplemental Zn intake from 
ZnMET and ZnSO,•H,O (Exp. 1). Breakpoints were deter· 
mined using a model involving two linear splines with no 
plateau. The breakpoints, 3.5 and 5.5 mg supplemental Zn, 
correspond to total dietary concentration of 54 and 60 mg Zn/ 
kg for ZnMET and ZnSO.-H,O, respectively. 
Figure 2. Regression of total tibia Zn on supplemental Zn intake from 
ZoO (Exp. 2). The breakpoint was determined using a model 
involving two linear splines with no plateau. The breakpoint, 
7.5 mg supplemental Zn, corresponds to a total dietary con· 
centration of 65 mg Zn/kg for ZnO. 
Thus, a higher level of ZnO than 
ZnSO 4 •Hp or ZnMET was required to 
reach the inflection point in bone Zn. 
The ratio of slopes between ZnO and 
ZnSO 4 •Hp indicated that Zn from ZnO 
was 61 % bioavailable (P< .01) relative 
to ZnS04•Hp (100%). 
Conclusion 
Current findings indicate that ZnO 
provides less bioavailable Zn than 
ZnSO /Hp, while Zn use from ZnMET 
greatly exceeds that of inorganic Zn 
sources. These findings are especially 
important if one considers that ZnO 
represents greater than 80% of the Zn 
fed in livestock rations. 
Table 2. Tibia zinc content of chicks fed zinc sulfate, zinc oxide, or soy isolate in a corn-soybean meal 
diet (Exp. 5) ...... 
Suppl. Zn Weight Intake Bone 
Zinc source gain Feed Suppl. Zn Zn cone. Total Zn 
(mg/kg) (g) (g) (mg) (j.J.g/g) (j.J.g) 
0 239 364 0 115 133 
5 ZnSO,•H,O 242 353 1.8 141 160 
10 ZnSO.-H.p 238 352 3.5 161 181 
5 ZnO 238 352 1.8 132 152 
10 ZnO 239 367 3.7 136 !56 
20 ZnO 241 350 7.0 168 197 
30 ZnO 248 353 10.6 180 207 
40 ZnO 236 357 14.3 193 215 
50 ZnO 249 348 17.4 209 226 
PooledSEM 5 10 .2 4 6 
'Data represent means of four replicate groups of four chicks during the period 8 to 22 d posthatching; 
average initial weight was 78 g. 
•zinc-unsupplemented com-soybean meal diet contained 45 mg Zn/kg, 23% CP, 1.1 % Ca, .5% avail. P. 
'Multiple regress ion of total bone Zn (j.J.g) on supplemental zinc intake (mg) from ZnSO, •H1009 and 
Zru\.fET(X,) was Y = 133.3 + 13.92X, + 8.43X,, R = .83; only the levels below inflection point (0, 5 and 
10 mg/kg Zn from ZnSO.-H,O and 0, 5, 10 and 20 mg/kg Zn from ZnO) were used in the multiple 
regress ion equation. Bioavailability of Zn compared to ZnSO.-H,O (100%) was 61% for ZnO. 
Excess Calcium - Little or 
No Effect on Manganese Use 
K. Wedekind 
D. H. Baker 
Introduction 
A current belief in mineral nutri-
tion is that both excess calcium (Ca) 
and phosphorus (P) decrease manga-
nese (Mn) use. This belief, widely ac-
cepted in reviews of Mn metabolism 
(Underwood , 1977; Leach and Lilburn, 
1978; Hurley and Keen, 1987), is based 
on research conducted in the 1930's 
that demonstrated that diets excessive 
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in Ca and P increased the incidence of 
perosis (slipped tendon) in chickens. 
This perosis was later found to be a 
result of Mn deficiency. Because the 
incidence or severity of perosis is a 
subjective measurement, use of this 
criterion greatly limited researchers' 
Table 1. Manganese use In chicks fed excess calcium from various sources. 
Amount prov ided Relative Mn 
efficacy Supplement Ca P 
one 
Limestone (FG) 
eaco, (AG) 
Oystershell (FG) 
Dicalcium phosphate (FG) 
(%) 
0 
I 
I 
I 
pooled SEM 
(%) 
0 
0 
0 
0 
.88 
(%) 
101.4' 
102.4' 
79.8• 
84.8• 
46.8' 
5.4 
'•'Means not ocaring same superscript differ (P<.05). 
ability to quantify treatment differences. 
A second shortcoming of these early 
studies was their failure to report feed 
intake. To demonstrate conclusively that 
excess Ca and P reduce Mn use, it must 
be demonstrated that Ca and P either 
decrease absorption or increase turn-
over ofMn, and not merely reduce feed 
intake. Diets containing abnormally high 
or low Ca:P ratios markedly reduce 
feed intake, thereby decreasing Mn 
intake, yet this was not accounted for in 
these early studies. 
Current Findings 
and dicalcium phosphate were com-
pared to a standard which provided no 
excesses of Ca or P (Table 1). Relative 
to the standard, availability of Mn in 
the presence of 1% added Ca was 102.4% 
for limestone, 79.8% for birds fed CaC03 (AG), and 84.8% for birds fed oyster-
shell. The Mn-depressing effects of 
dicalcium phosphate more than doubled 
that of the sources which provided only 
Ca, with Mn availability reduced to 
46.8%. 
To determine whether the Mn-an-
tagonistic effect of dicalcium phosphate 
was attributed to the P it contained or 
due to the ingredient, a second experi-
ment was conducted. The following 
treatments , each containing 1 ,000 ppm 
Mn , were compared to the standard 
curve: (1) CaC03 (AG); (2) dicalcium 
phosphate; (3) CaC03 (AG) + KH2PO 4; 
(4) CaC03 (AG) + NaH2P04•Hp; and (5)KH2P04 (alone). The first four treat-
ments provided 1% excess Ca; treat-
ments 2, 3, and 4 provided excesses of 
both 1% Ca and .88% excess P; and 
treatment 5 provided only .88% excess 
P. Results of Experiment 2 (Table 2) 
indicated that feeding 1% excess Ca as 
CaCO (AG) did not differ from the 
3 . 
standard in this experiment. Upon addi-
tion of .88% excess P, regardless of 
whether P was provided as KH2PO 4 or 
NaH PO •H 0, Mn utilization was sig-2 4 2 
nificantly reduced, yielding bioavaila-
bility estimates of 35.3 and 37.4%, 
respectively. These estimates did not 
differ from the value seen for dicalcium 
phosphate (40.7% ). The effect of add-
ing .88% excess Pas KH2PO 4 alone, did 
not differ from the combination of CaCO 3 
+ KH2P04 (45.0 versus 35.3%). 
Conclusion 
The feeding of .88% excess P, alone 
or in combination with Ca, caused a 50 
to65% reduction in Mn utilization. The 
feeding of 1% excess Ca as limestone 
had no adverse effects on Mn use, 
whereas oystershell and CaC03 (AG) 
caused only slight reductions, 15-20%. 
In the second experiment, how-
ever, 1% excess Ca provided as CaC03 (AG) did not significantly affect Mn 
utilization. Results of this investigation 
indicate that excesses of inorganic P, 
regardless of source, are more antago-
nistic to Mn use than is Ca. 
Recent studies at Illinois have 
quantified the effects of excess Ca and/ 
or P on Mn use. The criterion used to 
study the Mn-antagonizing effects of 
excess Ca and P was the regression of 
total tibia Mn (JJ.g) on supplemental Mn 
intake. Three levels of supplemental 
Mn from MnSO /HP (0, 500, and 1,000 
ppm Mn) were used to construct a stan-
dard curve (tibia Mn content regressed 
on supplemental Mn intake). From this, 
the tibia Mn values obtained from chicks 
fed diets containing 1 ,000 ppm Mn plus 
1% added Ca from various sources were 
used to calculate bioavailability of Mn 
in these diets by conventional standard-
curve methodology. 
Table 2. Manganese use in chicks fed excess calcium and phosphorus. 
In Experiment 1, the effect of feed-
ing 1% excess Ca from limestone, ana-
lytical-grade CaC03 (AG), oysters hell , 
Excess Ca Amount provided Relative Mn 
Addition Ca P bioavailability 
None 
eaco, (AG) 
CaCO, (AG) + NAf\PO, 
CaCO, (AG) + Kf\PO, 
Kf\PO, 
Dicalcium phosphate 
(%) 
0 
I 
I 
0 
I 
pooled SEM 
'•Means not ocaring same superscript differ (P<.05). 
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(%) 
0 
0 
.88 
.88 
.88 
.88 
(%) 
100.7 
91.9' 
37.4• 
35.3• 
45.0" 
40.7• 
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